Meat from wild boar (musculus teres major, n = 160) originating from two localities with different production systems was analysed. The contents of crude protein, pure protein, fat, collagen, dry matter and ash were determined in each sample. The effect of locality, age and sex on the chemical properties of the wild boar meat was studied with the use of statistical analysis. The values obtained for the chemical composition of the muscle tissue of the wild boar from localities A and B corresponded to the results obtained in other countries. The protein content fell within the range of 20.49-21.26% at locality A and 18.77-20.34% at locality B. The fat content fell within the wide range of 0.83-2.38% (0.83-1.67% at locality A and 1.51-2.38% at locality B). It is clear from the statistical evaluation that wild boar hunted in the enclosed locality had a significantly higher (P ˂ 0.05) fat content and a lower content of crude (P ˂ 0.05) and pure (P ˂ 0.05) protein in comparison with wild boar from the unenclosed locality. A significant difference in the fat content was also demonstrated between localities in animals aged 0-12 months (P ˂ 0.05), though only in females (P ˂ 0.05) when younger animals (0-12 months) were divided by sex, and also in females aged 12-24 months (P ˂ 0.05). The results confirm that the composition of wild boar meat in the Czech Republic is very variable and influenced by multiple factors.
Game meat differs from the meat of livestock animals in colour which is darker, redder and verging on brown, and taste which is more specific and changes depending on the type of game (Skobrák et al. 2011) . The composition of wild game meat shows a higher content of protein and lower content of saturated fatty acids (Strazdina et al. 2011) , and is also a source of mineral elements that are important for the correct functioning of intravital processes, particularly iron, phosphorus, zinc and selenium (Skobrák et al. 2011 ). These findings have been confirmed by many studies on wild animals.
The most frequent properties that determine meat quality are the content of protein and connective tissue, because the protein content is the most important information about nutritional composition for ordinary consumers and the volume of connective tissue has an influence on the final tenderness of the meat (Strazdina et al. 2011) .
The term game indicates the edible parts of the carcasses of hunted animals, i.e. the muscle tissue and organs (Act no. 166/1999 Coll., as amended). In the Czech Republic, game meat may come from 36 animal species specified by the hunting law (Act no. 449/2001 Coll., as amended) as wild-living game that can be "managed by hunting". The figures from the Czech Statistical Office show that the most frequently hunted animals are wild boar (Sus scrofa) and the common pheasant (Phasianus colchicus).
The number of wild boar shot in 2007 amounted to 100,000, and this figure has not fallen below 150,000 since 2012. Of the fourteen regions of the Czech Republic the largest number of wild boar were shot in 2016 in the Central Bohemian Region which included the capital city of Prague, followed by the Plzeň Region and the South Bohemian Region (Czech Statistical Office).
Several factors including the absence of natural predators, rural depopulation, expansion of forest areas, and spread of game managed areas have led to an increased population density of wild boar. The high natural population and farming of wild boar have revived interest in the meat producing potential of this species (Sales and Kotrba 2013) .
The evaluated data on meat consumption give a mean value of consumed game of 1.0 kg/person/year out of the total consumption of 80.3 kg/person/year. This figure may seem low in comparison with the total meat consumption, though the consumption of game has more than tripled over the last fifteen years (Czech Statistical Office). It is clear from these figures that game is becoming more readily available on the market for ordinary consumers.
Two factors have had a major effect on increasing the number of hunted wild boar and thereby the increased availability of wild boar meat in recent years. The first of these events was the amendment of Decree no. 245/2002 Coll. which allowed the year-round hunting of wild boar in hunting grounds that conform to the given legislative requirements. The second of these major events came about in the middle of 2017 when the African swine fever occurred in the Czech Republic for the first time. The occurrence of this highly infectious disease resulted in extraordinary veterinary measures that aimed to reduce the wild boar population in the whole country regardless of the animals' age and sex (State Veterinary Administration 2017).
Considering the above facts, a significant increase of the number of hunted animals and growing sales of wild boar meat in the retail network can be expected. This study aimed to obtain information on the chemical composition of wild boar meat in the Czech Republic and to determine whether different localities, age, and sex have an effect on the selected chemical properties of wild boar muscle tissue.
Materials and Methods
Samples were taken from wild boar (Sus scrofa) hunted at two selected localities: locality A and locality B. All wild boar were hunted during large-scale hunts. The samples were collected during the 2015-2016 and 2016-2017 hunting seasons. A total of 80 animals were analysed (58 from locality A -32 females and 26 males; 22 from locality B -12 females and 10 males). The selected localities were within a 150 km distance from one another, in different parts of the Czech Republic.
Localities/production systems Locality A, representing an open production system, is located in the south-east of the Czech Republic and covers an area of 2,000 ha. The wild boar living in this locality also spent time on the surrounding agricultural land. The terrain of the hunting ground is hilly and forested. The Norway spruce (Picea abies) and European beech (Fagus sylvatica) dominate the forest vegetation. The hunted game here also includes the roe deer (Capreolus capreolus) and red deer (Cervus elaphus).
The free-living game sought food primarily on the surrounding agricultural land, though in the hunting season the animals were purposely fed a feed mix containing a majority of corn grain. The wild boar population density at the locality fluctuated during the course of the year. The average density ranged from 150 to 200/1,000 ha. One third of the population of wild boar were killed by hunting during the course of the hunting season. Most of the wild boar were hunted by a group hunting method (driven shooting), and a smaller number shot during individual hunting (hunting from a hide).
Locality B, representing an enclosed production system, is located in the north-east of the Czech Republic and covers an area of 200 ha. The hunting ground is fenced (game preserve) with a flat and forested terrain. The Norway spruce (Picea abies), the common oak (Quercus robur) and the Scots pine (Pinus sylvestris) dominate the forest vegetation. The hunted game here also includes the roe deer (Capreolus capreolus) and the Sika deer (Cervus nippon). Their primary food source was a complete feed with corn grain as the primary constituent. The game also supplemented their diet with acorns from the oaks. The wild boar population density was intentionally managed and was increased by wild boar from other localities in addition to the natural growth. The average density was 1,200/1,000 ha. Most of the wild boar were hunted by the group hunting method (driven shooting). Wild boar were selected before planned hunts to avoid valuable individuals being hunted.
Sampling
A sample of muscle tissue from the medial part of the shoulder (musculus teres major) was taken from the left and right sides of each hunted wild boar in co-operation with the employees of the Faculty of Forestry and Wood Technology at Mendel University. These samples were placed in labelled bags immediately after they were taken. The following indices were recorded for each individual: sex, age and, weight. Age was determined by the tooth eruption and replacement pattern (Matschke 1967) . The animals were divided into the groups of piglets (˂ 1 year) and yearlings (1-2 years). The mean age of the piglets was 8 months; the mean age of the yearlings was 21 months. The mean weight of the piglets was 33 kg; the mean weight of the yearlings was 68 kg.
All samples were transported as quickly as possible to the Department of Meat Hygiene and Technology at the University of Veterinary and Pharmaceutical Sciences Brno where they were cleaned, frozen (within 12 h after killing) and stored at -18 °C. The samples were moved to a refrigerator box the day before analysis where they were defrosted at 2 °C and subsequently comminuted in a grinder.
Laboratory analysis
Laboratory analysis focused on basic chemical properties: the contents of fat, crude protein, pure protein, collagen, dry matter and ash.
Content of crude protein: Crude (total) protein was analysed according to the Kjeldahl method on a Kjeltec 2300 (FOSS, Sweden) according to ČSN ISO 937. A factor of 6.25 was used to calculate the crude protein content from the content of determined nitrogen.
Content of pure protein: After precipitation with a hot tannin solution, the Kjeldahl method was used on a Kjeltec 2300 (FOSS, Sweden) for determination of pure protein with the same factor of 6.25 for calculation.
Content of fat: The content of fat in the samples originating from wild boar was determined by the Soxhlet method on a Soxtec 2055 (FOSS, Sweden) with the reaction solvent petroleum ether.
Collagen: The content of collagen was calculated from the values of 4-hydroxyproline (factor = 8), which was determined by the spectrophotometric method after its reaction with p-dimethylaminobenzaldehyde.
Dry matter content: The dry matter content was determined according to ČSN 57 6021 in a dryer at a temperature of 103 ± 2 °C for 24 h.
Ash: The content of ash was determined in a muffle furnace after mineralisation of samples at 550 °C according to ČSN ISO 936.
Statistical analysis
Wild boar carcasses were divided into two groups according to locality and then according to age (group 1 = 1-12 months, group 2 = 13-24 months) and sex. The results were statistically analysed in the programs Excel 2013 and Statistica v. 7.0, StatSoft CZ. For statistical comparison of the two localities, and the effects of sex and age, t-test for independent samples with a level of significance of 0.05 was used.
Results
The results obtained from two different localities show the effect of environment, sex and age on the selected chemical properties of wild boar meat (Table 1) .
Crude protein and pure protein A higher protein content was found at locality A. The protein content exceeded 20% in all age groups at this locality. The highest contents of crude protein and pure protein were determined in females in the category 13-24 months (21.26 % and 19.18 %, respectively). Statistical analysis confirmed the higher content of crude protein (P ˂ 0.05) and pure protein (P ˂ 0.05) in the samples from locality A. The content of protein at locality B was lower, ranging from 18.77 to 20.34%.
Fat
The values obtained in the analysis of the fat content fell within the wide range of 0.83-2.38%. A higher content of fat in muscles from the medial part of the shoulder was found in all samples from locality B. The highest fat content was found in the category wild piglets -females aged 1-12 months (2.83%). Statistical evaluation confirmed a significant difference (P ˂ 0.05) between the studied localities in the fat content of the medial muscle of the shoulder. Comparison of the category 1-12 months in localities A and B showed that wild piglets from locality B had a significantly higher content of fat that those from locality A, and this was also confirmed by the results of statistical evaluation. A significant difference (P ˂ 0.05) was found between wild piglets. When the analysed samples were divided by sex, a significant difference in the fat content was found at the studied localities between the groups of younger (0-12 months) female wild boar (P ˂ 0.05) and also between the groups of older (12-24 months) female wild boar. 
Collagen
The content of collagen in the analysed muscle samples fell within the range of 0.69-1.04%. Statistical analysis did not demonstrate any effect of locality, sex or age on the collagen content in the muscle tissue of wild boar.
Dry matter/moisture
The values obtained for the dry matter content fell within the range of 24.62-26.43%. The results showed a higher dry matter content in females, with the single exception of the category male wild piglets from locality A, though no significant difference was found during data evaluation by statistical analysis.
Ash
The ash content fell within the range of 0.81-1.02% in the age category 0-12 months and within the range of 0.71-1.01% in the age category 12-24 months. Statistical evaluation did not show any effect of age, sex or locality on the content of ash in the analysed samples.
Discussion

Protein
The results obtained from the two localities are in accordance with other studies conducted in Europe. Strazdina et al. (2011) , for example, obtained a wide range of protein values (18.16-25.88%) in m. longissimus lumborum from 12 individual wild boars. This wide range may have been caused by different age categories and environments which were not specified in the study.
In accordance with our study, locality was also determined to have a significant effect on the protein content in a study conducted by Amici et al. (2015) which confirmed a significant difference (P < 0.05) between two of the three studied localities in the m. longissimus lumborum of wild boar in the age category of yearlings. The quantity of protein determined in the research (20.7-21.84%) corresponded to our results (20.01-21.6%) in animals of the same age.
A similar result was obtained in a study conducted in Italy, in which a higher protein content was determined in samples (m. longissimus dorsi) from a field environment compared to samples from a forest hunting ground, though only in the group of studied wild boar aged 12-24 months. A significant effect of age on the protein content was also found (P ˂ 0.01), with a higher protein content in older animals (Pedrazzoli et al. 2017) , which is in accordance with the results of our study, although in our case the difference was not significant. A significant effect was also obtained in a study in Germany. During studies on the effect of age, sex and locality on the protein content in muscle tissue (m. longissimus), a significant effect (P < 0.05) on the protein content was found only in the group of wild boar (males) aged more than 12 months at two different localities. No significant effect was observed in females in the same age category or in wild boar (males and females) younger than 12 months (Dannenberger et al. 2013) .
On the other hand, a Hungarian study found no differences in the protein content in the muscle tissue (m. serratus anterior) between localities in which wild boar were intensively fed a feed mix and a locality in which wild boar were dependent exclusively on natural sources. The age and sex of the wild boar were not specified in the study which may have influenced the differing results (Skobrák et al. 2011) .
Also, a Romanian study based on comparison of four different muscle groups (m. longissimus lumborum, m. longissimus thoracis, m. intercostalis and m. semitendinosus) did not find any significant difference between sexes in the analysed samples of 10 wild boar. This result may have been caused by the small number of representative samples and the non-determination of the weight or age of the analysed animals (Lazăr et al. 2014) . Similarly to the above mentioned studies, the difference between sexes was not significant in our study, although females generally showed a higher content of crude protein in meat than males.
Fat
The content of fat is a highly variable indicator. It is influenced by many factors and its value falls within the range of around 1-4% in wild game meat (Skobrák et al. 2011 ).
We proved a higher fat content in animals from the fenced hunting ground, which could be related to the different habitat (flat ground, limited size of the enclosure) and feeding conditions (acorns, a stable source of feed -corn feed mix available during the whole year). Similarly, the study by Skobrák et al. (2011) conducted in Hungary determined a significantly lower fat content in wild boar that came from a locality where feed mixes were not supplied (4.27%) as compared to a semi-intensively and intensively fed wild boar (14.12% and 6.74%). A higher intramuscular fat content was found in wild boar hunted in arable forest areas, where some highly caloric cultivated plants were available, compared to those hunted in a marshy area (Żochowska-Kujawska et al. 2010) . On the other hand, no significant effect on the content of fat in the muscle tissue of wild boar aged 17.4 ± 4.51 months was found between the studied localities in an Italian study in which samples of m. longissimus lumborum from three different hunting grounds were analysed (Amici et al. 2015) .
This finding was confirmed by a German study which assessed the effect of age, sex and different localities on the content of fat in the muscle (m. longissimus). A wide range of results for the fat content in the muscle of wild boar was obtained, for which reason the result was non-significant. The obtained variable results were put down to the non-standard composition of the diet of free-living animals (Dannenberger et al. 2013) .
The effect of sex was also studied. Although the difference in fat content between females and males in general was not significant in our study, the differences between localities were clearly more pronounced in females than in males (Table 1) . No significant effect of sex on the fat content was found in the category of yearlings (13-24 months) by Skobrák et al. (2011) .
Different results were recorded in a study in Italy which compared the category yearlings (12-24 months) with the category adult wild boar (˃ 24 months) from two localitiesforest and farmland. A significant effect of the age of the animals (P ˂ 0.001) on the content of intramuscular fat was determined, though in contrast to our own results the authors determined a higher fat content in the group of animals over 24 months of age (Pedrazzoli et al. 2017 ). Strazdina et al. (2014) found much higher values for the collagen content in wild boar (1.45%). Their research did not, however, state the weight or age of the analysed animals, and their results may have been caused by the higher age and weight of the wild boar in question.
Collagen
The effect of sex on the collagen content in the Romanian study was not significant, although females displayed higher values as in our study. This fact was put down to the analysed samples which in the case of females came from younger animals (Lazăr et al. 2014) .
Dry matter
No influence of the three factors on the dry matter content was proved. A similar result was obtained by Dannenberger et al. (2013) who did not demonstrate any significant effect of locality, sex or age in the same groups (0-12 months and more than 12 months) on the water content in the muscle tissue of wild boar (m. longissimus). The Romanian study monitored the effect of sex and muscle parts (m. longissimus lumborum, m. longissimus thoracis, m. intercostalis and m. semitendinosus) on the water content. Assessment of the effect of sex demonstrated a higher water content in the female sex, i.e. a higher content of dry matter in males, though this was non-significant. This result was explained by younger animals of the female sex (Lazăr et al. 2014 ).
An Italian study, in contrast, which studied the effect of locality and sex on selected chemical properties of the muscle tissue (m. longissimus dorsi) of wild boar, determined a significantly higher water content (P ˂ 0.001) in the muscle tissue of animals aged 12-24 months (yearlings) than in animals older than 24 months (Pedrazzoli et al. 2017) .
Another Italian research also studied the effect of locality on the m. longissimus lumborum in wild boar aged 17.4 ± 4.51 months hunted at three selected localities. Statistical analysis confirmed an effect of locality (P ˂ 0.05) on the content of dry matter, with one locality differing significantly from the others (Amici et al. 2015) .
Ash
In our study, no influence of the three factors on the ash content was proved. This finding is backed up by the Italian study by Amici et al. (2015) which compared the effect of locality and age on the content of ash in the muscle tissue of wild boar (m. longissimus dorsi). Wild boar at an age of 17.4 ± 4.51 months were hunted at three different localities in central Italy. The study did not demonstrate a significant effect of locality on the content of ash, though the values obtained were higher (1.25-1.28) than the results we obtained for the same age category of wild boar.
Based on the results, it can be said that the production system in the localities and, to a lesser extent, the sex and age of animals had a significant effect on selected chemical properties of the meat of wild boar. The main differences were found in the contents of protein and fat, which can be explained mainly by differences in the feed variety, amount and availability (corn grain, acorns). It would be appropriate to obtain a larger number of samples from the same age categories from additional localities for further research and to expand the studied properties to include microelements and the composition of fatty acids.
